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Power
DCDC Convertergs Serial

JeanFrancoisGenat LPNHE Paris, October22010



DC-DC Powering CMSTracker(Aachen)

DC-DC = module

DC-DC = module

Electronics & cables | Old layout
w [ DC-DC conv.
- 30.9%

Higher V lower |
[ Saa \wa)dz

TWEPP 2010 :
Katja Klein (Aachen)
Jan Sammet (Aachen)
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RadhardMGy) AMIS2 Chipy CERN
DCGDC Systenwith aircorecoil (4T CM3ield)

V, =312V
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DC to DC ASIC

How a synchronous ‘buck’ DCDC works

L determines

peak-peak =>

implication on
L switching

_ '. T 12 . frequency

‘J _ ‘ ) ‘ . ‘ (air-core =f|0‘f.'v L
== ~ / Vout =highto
v YO Vin = Duty cycle 1 -4?\/1 Hz)

F.Faccio - CERN/PH/ESE

ASIC: Latchupand Radiation Hardness problemsdx) FedericoFacciaCERN)

JeanFrancoisGenat LPNHE Paris, October22010
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Silicon strips for the ATLAS upgrade
Stave Hybria Layout and Electrical Detall

Mshuntcontrol and
Digital I/O

A Hybrid is designed to accommodate 20 x ABSNeadout
ASICs (2 columns of 10)

A Layout topology matches ATLASO7 large area sensor and
serially powered Bus cable

A ASICs placed to match sensor pitch and bond pad profile

A Hybrid Power and Digital I/0 bond fields at opposite ends

A Circuit exploits features of ABE2$

A Bidirectional data paths

A Embedded distributed shunt regulators (for serial powering)
A Requires external control circuit

| Hybrid Power and sensor
‘ HV filtering
A LJS@H)Q\é)

JeanFrancoisGenat LPNHE Paris, October22010  AshleyGreenall(U Liverpool)



Pixels
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ATLAS Pixels

Frontend FH4 for ATLAS pixel detector upgrades
IBL Project (2014) arsel HC
Commondesign effort: Bonn, CPPI@gnua LBNL, NIKHEF

FEI3  |FEl4 Y2 BUTENL
pixel size!
R
A Rad:hardness >200/RadTID E:ig: i'rzrj[m] igﬁgg 28:226 |
(FEI3: >50Mrad) oo largest in
_ _ Chip Size [m#Ah 7.6x10.920.2x19.(<«HEP to date
A ToTcoded in 4 bits. Active Fraction 749 89 %
A detector leakage current > 1007 Analog CurrentfA/pix] 26 19 analog/
Digital Current$A/pix] 17 1 digital power
29;2 Analog Voltage [V] 1.6 1.
p e — —]—_— Dlgltal Voltage [V] 2 1. tuned for IBL
LVDS out [Mb/s] 40 16(¥ Occupancy
w Full scale engineering prototype:-F&A
o] _ S e ————
o/} 336%x80 pixel array - T e
< RO e (e e, R LS E R =t e 2T A R EE SR s S R -
" | e 5
TWEPP 2010 :
& (IR | ViadimirZivkovic KarlheinzMeier
i 4l  (NIKHEF) (U Heidelberg)
AN

LauraGonella(Bonn)
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ATLASLH@ixel Upgrade : 3Dechnology for Smaller Pixel

Sensor

A Collaboration of Bonn (Germany), Back Side Metal
CPPM (France) and LBNL (USA).

o SuperContacts &

A Goal 50x125>m?2 pixel size =S
with split analog and digital T3
functionalities o S
FE

A Technoloqgy
T Chartered 130nm
1  Tezzaror8D

A Prototype submitted in std.

nd Interface

IS
Chartered 130nm technology as a S
test bench:C Good performance 2
A 3D analog + digital stack submitted SuperContact{“_:’
processing has started
KarlheinzMeier (U Heidelberg) J

11
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(D Belle DEPEEErtexDetector KarlheinzMeier (U Heidelberg)
QD CompleteElectronics Chain (Barcelona, Bonn, Heidelberg)

Belle I

Data handling processor DHP 0.1 (IBM 90nm)
C4 bump bonds, full data processi@Ritlink,
Analog blocks (U Barcelona)

Switcher: radiation-hard
switchingof on-detector20 V

signals _
Switcher

DEPFETurrentDigitiser(DCD)
256 channels 10-bit, 10 MHzZADCs65 400 MHz Links

TWEPP 2010 : Jochen Knopf (Heidelberg)12
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GOSSIPQA Test Chip

To To Do To Do P>

A

ReadOut of MicrePattern GaPetectors

Gasavalanche detector with a CMOS readout pixel array (ILC Study)

Bonn, NIKHEF
», Cathode (Drift) Plane KarlheinzMeier (U Heidelberg)
< Clusterl FMYY XmY
2Cluster2 Drift G
Cluster3 'bbrift Gap
————— —C%— = = = -¥"400V 50mm TWEPP 2010 :
EEE— J— Avalanche Gap Andre Konradruth(Bonn)
Chip Coar ; Y ErontEnd
Circuit

Pixel (preamplifier, comp,
Prototype for TPC read-out 3 FrontEnds (preamp, Comlo)Threshold DAC, high resolution

IBM 130nm CMOS (8 metal layers) TDC, counters & control logic)

60mMm x 60nmm pixels (high granularity)
Time Measurement mode and Hit Counting mode

Local TDC in every pixel CKDUDULFFEEEEEF[,

Design Goals: )
i 3mW per channel L
T Arrival time measurement up to 102ns ) :((:%
T Arrival time accuracy 1.6ns (one fast VCO bin) -
T ToT accuracy 200e-accuracy (27ns) | -

OCOLLUO0D00GoN00 |

Design effort lead by NIKHEF
with contributions from Bonn

JeanFrancoisGenat LPNHE Paris, Octobert22010 Ingrid preamp Bias generating circuit

2LDOs
(generate
controllable

Power

Supply
Voltage for

Ring

Oscillators)
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AGIPD (Adaptiv&ainintegratingPixelDetectol) for XFEL (DESY)

DESY Hamburg und Bonn University

Challenges

U highdynamicrange(1- 1.4 x 10)

U singlephoton sensitivity

U longstoragechaind > H N N o

U longhold time (99 ms)

U highradiationdose (up to 100 MGy)

bump bond chip sensor wire bond

AN / \

m HDI Base plate
T Connector to interface
electronics

Prototype testchipwith a 16 x 16ixelmatrix
130nm (IBM cmrf8sf DM) CMOS technology
10 x 10storagecells/ pixel

TWEPP 2010 : Petéoettlicher(DESY)

JeanFrancoisGenat LPNHE Paris, October22010
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KarlheinzMeier (U Heidelberg)
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FPGAS
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KarlheinzMeier (U Heidelberg) Rise of FPGAS

10000 _ TheRiseof Field
AN Programmable
Gate Arrays
| E u.nex & .& Logic x 200
"= Capacity ~ Speedx 40

—&— Speed
Price
== = loore's Law

LowerPower x 50
LowerCostx 500

S.Trimberger(XILINX)

manyLHC ffontend) technologydecisions

16
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ATLAS Levell Calorimeter Trigger Upgrade (Heidelberg)

T

SPARTANHE &
GENERATION

low-power 45nm
9-metal copperlayer
dualoxideprocess
technology

150,000logiccells

XILINX,
SPARTAN -6

XC6SLX45

ADD218
TOP VIEW
(N21 to Scaw)

integratedPCI Express
blocks
250 MHz DSHBlices

3.125 Gbps lovypower
transceivers

.\‘. a

JeanFrancoisGenat LPNHE Paris, Octobert22010 KarlheinzMeier (U Heidelberg)
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Silicon PhoteMultipliers
Avalanche Photaliodes
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KarlheinzMeier (U Heidelberg)
Silicon Photomultiplier Readout | —
Systems u Heidelberg "',’{’}’{’m’{’}’i"' '

|
e = =

KLauSCharge Readout Chip

[Kanalefur Ladungsausleseon SiPM$

AMS 350nm CMOS technology; 4 channels;

SPI interface controlled by FPGA,; Bias DAC tunable;
high Signal/Noise Ratio [>10, #signal charge];

fast trigger available [pixel signal jitter < 1ns];

large dynamic range up to 150pC

Iy
e
K3
T
T®
i3
e
| ®
S

o e ) | 1 |
e viow s e woet S s s e e

M

rEEEEEEEER
0660060606060

0000 0000

CALICE

/

Upgrade version to be part of SPIROC llI
S Callieret. al, IEEE NSS/MI2009;
0.1109NSSMIC.2009.5401891

STICSIPMTiming Chip
[Fast Discrimination fofoH

AMS 350nm CMOS, 4 channels;

Leading edge & Constant fraction Trigger;
Bias DAC tunable ~ 1 V; power < 10mW/ch
Pixel jitter ~30(s, time of flight capability

PET and ToF

W. Shenet. al, IEEE NSS/MIC,
2009; 10.1109/NSSMIC.2009.5401693

JeanFrancoisGenat LPNHE Paris, Octobert22010



Readout of APD Array for REIR (U Heidelberg)

KarlheinzMeier (U Heidelberg)

...........

—

40 ChanneReadoutChip

U fast low-noisedifferential amplifiers
U O(100uVhoiseg

U time stamping with 50ps binwidth LT
U integrator NI
u > 9Bit ADC

JeanFrancoisGenat LPNHE Paris, Octobert22010



HEP in Germany

JeanFrancoisGenat LPNHE Paris, October22010
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Particle Physics In Germany

Grav. Waves HESS. Bottom, Nuclear
MAGIC Charm, Structure

Auger, Kaon
Icecube ..

HERA,

Tevatron,

Heavy lons,
L H C Antiprotons
CILC
n Oscillation,

Compass,Her
mes, Hadrons

Mass

+ R&D on Accelerator, detector, (Grid) computing

BernhardSpaan(TU Dortmund

el 22 .
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Fields of Research (HEP)

2006
Mainly LHC
HESS Flavour Physics ATLAS’ CMS’
MAGIC > Ot?’h‘;’rs LHCb
Accelerator R&D
Auger 9% - upgrades
lceCube
CTA HERA,
X Tevatron
B-Factories
(BABAR + Bellell)
ILC
Neutrino physics °
Double Chooz "
OPERA Halzjlfc?:]/ys':? ctuJ;e
KATRIN %
é Incl. ALICE

23
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DESY

Changing role of DESY

Now: no operating accelerator for particle physics
accelerators at DESY- photon science

HERA data still being analyzed
Still vital for particle physics in Germany

Acentral facilities
A(e.g. Tier-2 Center for ATLAS, CMS, LHCb)

ANational Analysis Facility
AHeart of the Helmholtz-Alliance

BernhardSpaan(TU Dortmund

JeanFrancoisGenat LPNHE Paris, October22010
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Foundation: 4.10.2010

Mostly not particle physics
Complex detectors required though

SIS100/300

GSI & FAIR
won Antiprotonen
Plasmaphysi
Atomphysik
FLAIR
FAI R @ eusterence Anlage
Facility for Antiproton and lon Research ;?m

25
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Conclusions

Strong research in particlghysics
Strong focus on LHC programme (incl. Upgrade)

DESY changed profiestill vital for particlephysics
Free Electron Laser development (ndr)

Somewhat complicated structure/funding regime

Participation in all areas
wDetector R&D and construction BernhardSpaan(TU Dortmund
wElectronics
wData Analysis
wComputing
wAccelerator Physics

Future strategy in preparation

JeanFrancoisGenat LPNHE Paris, October22010
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The Free Electron Laser (FEL)
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Science with Xay from nowadays synchrotrons
34 Generation

Electron bunch
stored in a NIS|{N|S|NJ|S Few Xraysfbunch o %
synchrotroneg 4 e I
SIN[S|N[S|N :
o L I
Undulator i
A Nice systems, Imaging detectors
but more wishes for the future e.g. Pilatus:
. . 2-dimensional pixel
| Intensity Counting 1MHz/pixel
I Coherencdor holography Rate:10-100 pictures/sec

I Many photons/bunchn <100fs:
Y Get the picture before Xays destroy the target

PeterGoettlicher(DESY

JeanFrancoisGenat LPNHE Paris, October22010



The Freeelectron Laser
The SASE principle

Self amplified spontaneous saturatiomission

Lasing for XNJ- € neéds Qa

liation

verydense electron bunches firme Energy in
at moderateenergies 10°mJ 7 X-rays
102mJ —
That amplifies the emission
1. %ntaneous : l
104mJ-

Electron source om longitudinal position in undulator  100M

+ accelerator Basic requirements, for
Undulator electron source and accelerator

/onauator s L KZQ eB/
Electron trap /x-ray=%§+78 with K=%':1...10
L aBEg0°¢ 7 m
gme 2

- Wavelength 0.1nm:17.5Ge\klectrons

Typical Iu: - Power grows with current density ~ J """"
| undulato=3-6CM Short bunches-20pm with Q=1nC
B,=1T X-rays 20um converts to 70fsec

JeanFrancoisGenat LPNHE Paris, Octobert?2010 PeterGoettIiCherfl.g)ES)(



XFEL: Functional blocks

Experiment

o.=.2mm o= 1 mm o= 0.1 mm o= 20nm
lpeak= S0 A leak= 100 A lpea= 1 KA [ eak= O KA

yomodules
Main linac
84 cryomodules

Booster Linac

Injector linac
4 cryomodules
12 cr

-20 MeV

- gun
-
L
L
I
#

ABEE -1 %I- = -8 “EE fll-El'/[ ==

HE T
0.5 GeV\ E=2 Gev,\ 5 Experiments

\ Bunch compression Undulators
Electronsource: - Position to energy
-Laser to a - Different pathlength \ _
photo cathode through ACOEISEID
_ Immediate magnetic chicanes By superconductive
RFcavities: 1.3GHz

acceleration

PeterGoettlicher(DESY
JeanFrancoisGenat LPNHE Paris, Octobert22010



Detectors for the dream: -dimensional cameras

PeterGoettlicher(DESY Biological scattered xays Imaging detector
Xrays xrays molecule ©f b“”%ﬂ
of bunch 3 of bunch 2 Storage per bunch
%&tﬁ Seen by WD
“ bunch 1 [ WU
Picture of anano-structure N ;{f& t:
(f‘};f ¢.bunch 2
G
v Informatlon are in the details
. f toee. - Resolution: 1 Mega pixel
;{;;}é “bunch 3z - Only lossless data compression
R - High contrast,
Taken at FLASH distinguishngoonl T MZ HEZ

First hit Melted foil for high signals statistical limit

resolution < . /n . ..

- Many pictures, but objects differ
e.g. in position/orientatiorx,y,zq,j
- Complex analysis before combining,
only offline?
Consequences:
- Need to store every 220ns a picture
- Select the best ones to reduce t,
JeanFrancoisGenat LPNHE Paris, Octobert22010 reasonable data volume SOGbit/’jé




[ 2 Y LI NA a

Intense light gets delivered by lasers,
now lasing for Xay

X—ray;ﬂ§:12.4kev or=0.1nm

-

L=
(5]
L

10”"

1 GZS

10

Peak brilliance

[Photons/(s mrad” mm- 0.1% BW)]

1 UZE

1 023

1

10

10"

BESSY
U-125

EUXFEL 1~

e —
FLASH P____.-—"”
tsay " roos] -

// FLASH -
-

.// -

PETRA Il 20m 1D ——<
uze =

UEES 2
APS .

LI-A

BESSY
U-49

10° 10
Energy [eV]

JeanFrancoisGenat LPNHE Paris, October22010
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FEL based sources

LCLS: Operation since 2009:-bay
SLAC, USA

SCSS: Planned for 2011,-ray

> Spring8, Japan

FLASHOperation since 2005: VUight
DESY, Germany
Useroperation and

mmmm= {est facility for XFEL

UM Construction until 2014/15:-ray
XFEL DESY, Germany

> Synchrotron based sources

9 orders of magnitudes
Good reason to build new accelerators

PeterGoettlicher(DESY



The European XFEL.:

Experimental hall JlJAccess sha Injector hall

. B

“Undulators,

5Xraytunnels e . ¥ R N

upgrgde o’ 10 t"qnnets: ek | Hamburg city centre
ol e N g Y R g /7 km

PeterGoettlicher(DESY

JeanFrancoisGenat LPNHE Paris, October22010



General detectoconcepts:  Electricahd Connectivity

, Experiment

Copper cables
Clocks, TCPAHROOMDbE

Wire bonds to a

Bump bond/pixel

o UL 0L L, L0, 0 0 0

Sync. clocks
Bunch quality

Scattering quality

ternal source: .
GUI for St . external source:

' experimental XFEL accelerator
experimenter environment

interface electronics

train builder

/ Fibre optics

control
electronics )
) backend system #

mass
storage

Camera head UDR10GbE
- Three consortia for cameras |
- Each covering multipurpose science, Crates in racks IT-center

each not all, all differently specialized Common development

for all at XFEkExperiments

) 4
JeanFrancoisGenat LPNHE Paris, Octobert?2010 PeterGoetthcher(gD ESY



2-dimensioncameras

Adaptive Gain Integrated Pixel Detector
AGI|IPD Institutes: Bonn(University), DESY, Hamburg(University)/iHBder)
References.Henrich et al.,Nucl Instr. and Meth. A (2010), d0i:10.1016/j.nima.2010.06.107
DEPMOSensorwith Sgnal Compression
Institutes:MPFHLL Munich, DESY, Heidelberg), Poly. Milano, Bergama(niv.), Siegengniv)
DSSC Referencem. porrg et al.,Nucl Instr. and Meth. A (2010), doi:10.1016/j.nima.2010.02.254
Large Pixel Detector

Institutes: STFC/RAL, Glasgow(University)

L P D References.r.Burget al.,Large Pixel Detector for the Europeana) Free Electron Laser,
11th European Symposium on Semiconductor Detectors, June 2009 conference proceedings

Common itemssSensosstudies,ASIC in 130nAechnology DAQsystems
Different physics by different technical approaches

AGIPD DSSC LPD
Pixel 200 x 200mm? 236mm hexagons | 500 x 500mm?
with a DEPFET
Approach for Automatic gain Compression by | 3 parallel gains
dynamic range | switching DEPFET in pixel
Storage per Analogue with Digital, Analogue with
bunch analog ASIC-out. 1ADC/pixel digital ASIC-out.

JeanFrancoisGenat LPNHE Paris, Octobert?2010 PeterGoettIicher(gl?) ESY



CameraAnalogASIC

AGIPD =
. : L @)
Automatic gain switching: _ T
: : S 2
- Gain switches, =T S
when output exceeds threshold % o o
- Adding instead of replacing capacitors = 1506
avoids charge losses >1.0— . ©
=4 Analogue storagef g 1005
o amplitude and gain 8 | Q
= “— - reduces output lines -0
© T | L O
< L -k / , o @
g _| | % L] g g_l An:::gllje pipeline | 0 50|00 10600 15|000 6
m ¢ (fj Ve 2V, 1 1 . Z
u . I\/Iultlplexm_g. |
- % —~ oA woe. -~ JUSt ONE differential output

Leakage comp. [ ‘\| |\| l\l\l \| e For 32 x 32 piXG'S
Filter/write amp. H C1J' T J' 1 J' J' CnJ‘ 4 . . .
o ,T ,T,T,T,T ’.T _— Optimized capacitorgo store

maximum number of picture of a train
not all 2700 will be possible

Constraint realistic: ~ 200
Everything has to fit behind  Random addressverwriting allows handling
the pixel 200pm x 200pm of an external decision of best scatterings

PeterGoettIicher(gl%ES){

JeanFrancoisGenat LPNHE Paris, October22010



Signal rates @

Devices or links in Rates per
module | Detector head |link | module | Detector head
16 256
t /. 64 1024\ 0.05 3.2 51.2 GS/s
64 1024 0.7 45 720 Ghit/s
//
While digitizing
(10% duty cycle)
16 Data written to
modules RAM by —
i 16 < —
L\ 16 5 5 80 Gbit/s
Train builder Continuously

ATCA-crate

Very high internal dateates require plenty parallel lines

Still high continuous data flow to crates
requires modern data transfers: 10Gbit/s on fibres
and highperformacecrate electronicsxTCA

PeterGoettlicher(DESY

JeanFrancoisGenat LPNHE Paris, October22010



Features:

XTCAas platform

High performance digital standardielecommunications
- ATCAAdvanceTelecommunicatiorComputingArchitecture: 2002

- Backplane: many multi gigabit serial links

- Configurable network

- Redundancies: Power, CPU, MCH

Reliability>99.999%
- Carriers for 18 AMC
AdvanceMezzanineCards
- Hot swap

-ﬁ

= :f t

! — : - ‘i":;[ 2
sy D

F
=l = = o |
}
A pamai £
WS s
5 WAS senonens
3
ae

Ml CA

Scalable to

- Small systems
- Features like ATCA
-Y2 Rdzf Sa

rI

JeanFrancoisGenat LPNHE Paris, October22010

A standard for physics
- SC|ence-+Industry)

XFEL

Features:

- Based omTCA

- More space

- Synch. clocks on backplane

-wSI N OOSaa o0& xw
pLRear TransitionModules

Double ' X

PeterGoettIicher(zlg ESY



Evaluation of high speed data transfers

XILINX evaluation board + custom VHIDIRcore
+custom designs+ AB#valuation board

ADC 7OOMb|t/s
— .

A-/»

‘\ \l \

Performance limited by nompedance
on XILINXevaluationboard
Eye diagram is well open

Links are OK.
= 10 GbitEthernet | . Need no ideal setup
= aSl adzaNB Y o
is limited by - Freedom to optimize
16GHzscope system setup
. Performance is bette] YSOKI YA Oasx Y2R
Eye diagram is well open

1b|t@1OGb/sec 0.1ns
>

JeanFrancoisGenat LPNHE Paris, Octobert?2010 PeterGoettIicher(gl% ESY



XFEL status

A European XFEL will deliver the highest peak brilliance and bunch rate.

T>

Need of excellent accelerator performance: Size and energy of bunch.

A Dedicated regulations in modern technologies needed.
Developmentand tests at FLASH are on going with good results.

A That leads to the use of modern standards in science: ATG2A
Adaptingthem to the needs (PICM® and first modules are available.

A Demanding dedicated detectors (Pixel cameras) are being developed.
Ongoing developments for full chain with high signal and data throughput:

~ A 7 N - s

i {Syaz2zNRIZ !{L/ Qas>s RSGSO0l2NJI KSIR&a IYyR 5!v &aeadasSva
I e.g. 4.5MHz picture rate, 8Bbit's out of small detector heads

A All the effort opens new fields of science:
Capturing a scattering picture with one flash afas.

Thanks to all the work packages and consortia for providing material
More information on  www.xfel.eu

http://hasylab.desy.de/instrumentation/detectors/index_eng.html

T> T

) 4
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XFEL plans

£y,

LFrt rrnveErr 4

-lc&nm-nnl

e  clectron tunnel € electron switch
phaoton tunnel ®  glectron bend
Hinminn undulator 1 electron dump .
o‘
D QA B
*

%.'." lﬂ

Many more to be done,

by two drilling machines

2012 Buildings getting ready for installation
2013 First beam in injector

2014 First beam in linear accelerator

2015 First SASE, first experiment

HAMC WCdzf £t Q ' AaSNJ 2LISNY GA2Y
_ 4
JeanFrancoisGenat LPNHE Paris, Octobert?2010 PeterGOEtt||Cher(|5ESy



Multi-projects, ASICS, 3D

JeanFrancoisGenat LPNHE Paris, October22010



CERN Microelectronics Users Group

- IBM 130nm design kit version 1.7
- Scripts for mixed design available

- Developa scripted desigrfior digital core circuits

CMOS8RF (130nm) Prototyping activity . .
with separate substrate ground for low noise

300 - 277

applications

250

200

- Develop an IP library in IBM 130nm CMOS

150 +
100

ForthcomingMPW runs

100 -

2 CMOSg250nm)
50 - g 28 20 Tape Out beginning of next year.
Support for 3 and/or 6 metal stacks.
0 . . . CMOSS8RF (130nm)
2007-2008 2008-2009 2009-2010 MOSIS Nov. 8. 2010
® Number of designs ® Total Silicon Area (mm2) CMOS9LP/RF (90nm’)

MOSIS Dec. 010

Forthcoming AMS Workshops

Week of Oct. 182
End of 2010

. 43
JeanFrancoisGenat LPNHE Paris, Octobert22010 KostasKloukinas(CERN)



CMOS feature size evolution 1994-2010

P

R

AMS 0.8

1.2K gatesimm® 3K gatesimm?®

1994 at CMP

a5 §

=X
[ | :-Ilill_
4 IR

AMS 0.6

» High density

» Low power

» More system Integration
» More Process Features

D D i 0 ] 0

AMS 0.35p ST 0.25p ST 0.18p ST 0.13p ST 90nm ST G5nm ST 40nm
18K gatesimm?® 39K gatesimm® 80K gatesimm? 180K gatesimm® 400k gatesimm? 800K gatesimm® 1600k gatesimm?

» 2010 at CMP

KholdounTorki (CMP Grenoble)
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Conventional interconnections versus 3D

” seveorc

PR~ G - LT

Why TSV Interconnection?

TSV (Through-Silicon-Via) electrodes can provide vertical connections
that are both the shortest and the most plentiful.

High Power consumption Low Power consumption

Long Connection Short Connection
Low Density High Density
Poor Heat Good Heat
e Dissipation

RC Delays Reduced RC Delays

High Impedance Low Impedance

Large Area Smallest Area

Challenging Interposers Simple Interposers

V'O Pitch limitations Less /O Pitch limitations

TSV interconnects provide solutions to many limitations
of current SiP and Chip Stacking methods.

Ecole Polytechnique Paris - 30 Technical
Symposium; Movember 2007 — - J ==
- Tt o o e e e
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KholdounTorki (CMP Grenoble)
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3-D MPW Industrial Applications

T
Industrial Applications

*+ There are two 3D areas that are  <NAND 8 Stacked Memory Card>
receiving a lot of attention. |- N

- Stacked memory chips and 8 chips 5 ]
memory on CPU Euim
+ IBM expected to provide < NAND 12 Stacked Memory Card >
samples later this year —
* Both IBM and Samsung could be '
in production next year (2008)
- Imaging arrays (pixelated
devices%

Working devices have been
demonstrated by MIT LL, RTI,
and Ziptronix

* Much work is supported b
DARPA PP Y

- Pixel arrays offer the
most promise for HEP
projects.

Samsung - 30 um !
laser drilled vias
in 70um chips

LHC-ILC Workshop on 3D
Integration Techniques

KholdounTorki (CMP Grenoble)
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3-D Mult-Project Wafers runs for HEP
Technology P

KholdounTorki (CMP Grenoble)

JeanFrancoisGenat LPNHE Paris, October22010



3-DMPW Access
%4 CMC-CMP-MOSIS partnering on 3D-IC

) €mcC m E

MICROSFSTEMS ¢

CMP/CMC/MOSIS partner to introduce a 3D-IC process

Grenoble, France, 22 June 2010, CMP/CMC/MOSIS are partnering to offer a 3D-I1C
MPW service based on Tezzaron’s SuperContact technology and GLOBALFOUNDRIES
130nm CMOS.

The first MPW run is targeting January 2011:

- 2-tier face-to-face bonded wafers

- 130nm CMOS process for both tiers

- Top tier exposing TSV and backside metal pads for wire bonding.

A design-kit supporting 3D-IC design with standard-cells and 10 libraries is available.
Further MPW runs will be scheduled supporting process flavors (multiple tiers beyond
2, different CMOS flavors for different tiers, ...) driven by user requirements.

Potential users are encouraged to contact CMP for details : cmp@imag.fr

KholdounTorki (CMP Grenoble)

JeanFrancoisGenat LPNHE Paris, October22010

48



Fast optical serial links

JeanFrancoisGenat LPNHE Paris, October22010
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LOCG6 project

Proposedor the upgrade ATLASArFEB opticdink: 100GbpsFEB
bandwidth = 6X LHC

A ASIGechnologyas 0.25>m siliconon-sapphire CMOg&chnology
commercially available, MWP runs ~ 6 /year.

ADC data 6 :
—— MUX LOCs6 LOCId VCSEL |—+—_ 12way fiber
ADC data +/
—+— MUX LOCs6 LOCId VCSEL

A Serdesembedded FPGASs as receiving side beniéita the Versatile Link
commonproject: optical interface and system design.

A Most challengingart: serializer a6-lanearray serializeiwith redundancy
switches at 1@bps

JeanFrancoisGenat LPNHE Paris, October22010 JingboYe (Southern Methodist UTx)



LOCISerialize ASIC

A Serializer
A Prototype chip submitted August 20009.

A 31 3mm2 comprising

LOCs1, a 6bpsl6:1 serializer.

LCPLLa 5 GHz LC VCO based phase locked IooE
A CML driver

A divideby-16 circuit.

Varactor Voltagecontrolled capacitor.

SRAM block

; . bl
JeanFrancoisGenat LPNHE Paris, Octobert22010 ngbOYe (Southern Methodist UTX)



Test results of LOCs1
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Next version ASIC 0 LOCs6

Laser lagsr 12-way
—  MUX Driver Arra Fiber —ber”
Array y ribbon

U Plan to use 2 LOCs6 chips with an
fiber ribbon per FEB.

U Each chip has an array of six 16:1
serializers each running at 10 Gbps.

. s ﬁ/—r
U One of the six serializers can be configured
as a redundant channel.

U The clock unit will be shared by the
serializers to reduce the power.

16
Data;

110 Gbps
1

; . b
JeanFrancoisGenat LPNHE Paris, Octobert22010 ngbOYe (SOUthern Methodist 3UTX)



5 GHz LC PLL

Fabricated in the same die as LOCslisa5 GHz LC PLL

Aruning range: 4.7 to 5 GHz.

i Expected: 3.79 to 5.01 GHz. : =
I Cause traced to the divider in PLL and |
will fix in the next design. ,,
APower consumption: 12mW T
I Compare: Ring oscillator based PLL, 1% 3
mWat 2.5 GHz o LI
ARandom jitter: 1- 2.5ps (RMS) A e -
fDeterministic jitter:< 17ps (pk-pk) SEEEEEEN

output clock locks to inputlock

; . b4
JeanFrancoisGenat LPNHE Paris, Octobert22010 ngbOYe (Southern Methodist UTX)



High speed CML circuit design

CMLbuffer for 5 GHzlockfan-out.

More CML circuitcomponents ongoing

Parameters for the&CML buffer

Swing > 200 mV
Frequ> 5 GHz
Power: ~8nW
Two stage design

Fan out two identical buffer without
signal attenuation

o o o o I

JeanFrancoisGenat LPNHE Paris, October22010

R R R3 R1D
PP r=1.847K PP rt=1.847K PP rt=1.231K PP r=1.231K
m=1 m=1 m=1 m=1
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J |
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Schematic andlayout

JingboYe (Southern I\/Iethodisﬁfl’x)



Plans and Summary

@ Design of LOCs6

@ As of the LOC1 tests, more needed.
@ More tests on LOCs1 are still needed
@ First proton test on LOCs1 produced very good results.
@ More tests may be needed to study SEE.

@ Would like to investigate an array laser driver, LOCLDG6

@ Limited by manpower and resource. Need help in the development of the
100Gbpgboard system.

; . b
JeanFrancoisGenat LPNHE Paris, Octobert22010 ngbOYe (Southern Methodist 6UTX)



Versatile Link Project

9\ Versatile Link

A Optical Physical layer linking frerg joint Project Proposal submitted to
to backend ATLAS & CMS upgrade steering
A Bidirectional, ~5Gbps groups in 2007 and endorsed in

A Versatile 2008

i Multimode (850nm) an®inglemode A Kickoff mtg in April 2008
(1310nm) versions i Phase I: Proof of Concefamo)

| Pom.t to Point and Point to Multipoint i Phase II: Feasibility Studgsmo)
architectures _
i Phase lll: Prprodn. readines$18mo)

A Frontend plugcanle module -
. 4 * r——
Versatile Link
* * | |> FPGA
Timing and Trigger <] /—b Timing and Trigger
|
DAQ ——> GBT13 <—— DAQ
<
Slow Control I> \’ Slow Control
JanTroska(CERN) |

On-Detector Off-Detector

Custom Electronics & Packaging Commercial Off-The-Shelf (COTS)

Radiation Hard Custom Protocol 4

JeanFrancoisGenat LPNHE Paris, October22010 TWE'P‘P"O



VTR)packaging overview

9\ Versatile Link
\ _J

X Based upon commercial SFP+ standard for 10G
transceivers

A ASICs
A

Laser Driver (LDBGBLD

Host Board Pin 10
Layout

A Tia-cBTIA VTRX
é LA- not foreseen (inc. in GBTIA) A
No microcontroller
A Components Pkgknow-how
A TOSA RadHard Laser GBLD CommerciaEvalBoards
GBTIA In-house Test boards
+
ROSARadHard PIN + GBTIA Commercial LDD Industrial partnership
A Keep Std. SFP+ Host board connector Commercial TIA/LA VTRxprototype board
A ROSAs 850/1310nm
No cage, alternate fixing T.B.D. TOSAs 850/1310nm
A Remove/replace material from std. SFP+ housing ~ Devicemodelling
Must test EMI tolerance and emission JanTroska(CERN) ok

JeanFrancoisGenat LPNHE Paris, Octobert22010 TWEP'P'10



VTR¥PCB design )

9\ Versatile Link
\ J

A Based upon experience gained with

commercial ASIC evaluation boards and our [®
own versions of such boards, have built our

iy

amgumg taMIY_ |
. 11 Ehf_-:%

own SFP+ sizsompatible test PCB housing: e~ ';'.'L’—' =
i Commercial edgemitting laser driver E SN
i Commercial TOSA (@™ [
i GBTIAROSA

A PCB circuit simulations including the laser
model were carried out to confirm the correct

0.6

functionality of the board
i Including optimization of the bias/matching netwd?ék 02

0.0+
-0.2—

Optical Pow

JanTroska(CERN)

JeanFrancoisGenat LPNHE Paris, October22010
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TOSA/ROSA integration ®iT Rx

9\ Versatile Link
\ _J

A GBTIAROSA on prototype TR¥CB

RX electrical eye @Gl's

==y _—
W
CUSTOM _:__
D2530- 00010 " S
e AP Sy i

. 50 0 50 100 150 200 250
ps

A TOSA and commercial Laser DriveNaiRPCB

TX optical eye @ 48hk's

T 0 ...¢

o =1
FINEP)

JanTroska(CERN) -
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